Cotton production is challenged worldwide by a diversity of arthropod pests that require management to prevent or reduce crop damage. Advances in arthropod control technologies and improved insect and crop management systems have dramatically reduced levels of arthropod damage and the need for insecticidal control of several key pests in cotton over the past 30 yr. The near-complete eradication of boll weevil (Anthonomous grandis Boheman) from the United States and the worldwide deployment of transgenic cottons expressing insecticidal proteins of Bacillus thuringiensis (Bt cotton) are among the most notable advances. Insects and mites are highly adaptable, and new pest problems have emerged that continue to challenge or limit cotton production and profitability. In this update of cotton insect pest management, we review evolving technologies for cotton arthropod management, the purposeful deployment of resistance management programs, dynamic responses of arthropod pests to management actions, and improved integration of insect and crop management systems. We emphasize ecological context, including varying spatial scales of management, and the adaptive capacity of the arthropods impacted by management decisions as continuing influences on humankind's effort to limit arthropod damage to cotton. E xtraordinary changes in management of insects and mites attacking cotton (Gossypium L.) have transpired since Ridgway et al. (1984) reviewed cotton protection practices in the previous Agronomy Monograph, Cotton. Reviews published subsequent to that period (Frisbie and Adkisson, 1985; Frisbie et al., 1989; Luttrell et al., 1994; Luttrell, 1994; Fitt, 1994; Ramalho, 1994; Sugonyaev, 1994; Smith, 1998; Fitt, 2000; Hardee and Harris, 2003; Wu and Guo, 2005; Allen, 2008; Spurgeon, 2008; Wu et al., 2008; Naranjo and Luttrell, 2009) provide detailed information on cotton insects and chronicle changes in insect management strategies in response to new pests, advances in control technologies, and changing management structures associated with insect resistance management and government regulations.
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Any modification in production practices or insect management approaches may impact the abundance and diversity of insects in an agronomic cropping system. Cotton production has a long history of evolving insect pest problemsfor better or worse-often triggered in reaction to insecticides (Luttrell et al., 1994) . Ridgway et al. (1984) concluded "that the world cotton crop will continue to be threatened by insect pests, and insecticides will continue to be essential for protecting the crop." They also suggested that insecticides could be used more selectively in conjunction with improved surveillance and decision-making approaches. The most important key pests recognized at that time were the heliothines referred to as Heliothis spp. in the original review [Helicoverpa zea (Boddie), Heliothis virescens (F.), Helicoverpa armigera (Hubner)], pink bollworm [Pectinophera gossypiella (Saunders)], boll weevil, and Egyptian cotton leafworm [Spodoptera literoralis (Boisduval) ].
In this current review, we continue to emphasize the ecological context of cotton insect management with a special focus on the adaptive capacity of arthropods targeted directly or indirectly by control activities. We also recognize the intricate ecological connections of insects and mites to cotton and the need to integrate pest management practices into more sustainable crop production systems. The managed cotton production environment affords resources that fuel insect and mite population growth. Monitoring plant development and cotton plant response to insect injury in conjunction with routine assessments of arthropod populations provides the critical information needed to maintain profitable and efficient cotton production. Evolving management practices encourage dynamic pest problems in cotton, and socio-economic influences often define boundaries of management capabilities to address new pest problems. Linkages to private and government research and developments, services, regulations, and incentives have been notable in past advancements of cotton entomology, given cotton's place as a global commodity and its worldwide cultivation.
Major advancements have been made in the management of the key pests listed by Ridgway et al. (1984) . The pest status of all six of those specifically referenced has been dramatically reduced through deployment of new technologies and/or coordinated management systems. Transgenic cottons expressing insecticidal proteins derived from Bt cotton have been developed that provide high levels of control of the five lepidopteran key pests listed by Ridgway et al. (1984) . The remaining key pest in the list, boll weevil, has been eradicated from much of US cotton and in North America is now only a problem in the Lower Rio Grande Valley and adjoining cotton production areas of Mexico (Allen, 2008) . This dramatic shift in the pest status of key pests reflects significant advances in insect control capabilities and an evolution of crop management practices over the past 30 yr. These changes have led to substantial economic and ecological benefits, including reductions in use of traditional broad-spectrum insecticides in many cotton production regions of the world (Naranjo, 2011), but also an ironic increase in other pests released from insecticide control originally targeting key pest species (Lu et al., 2010) . In this update of Ridgway et al. (1984) , we examine the suggested future management options envisioned in the previous review and provide an overview of additional changes not envisioned in 1984. Just as the original work of Ridgway et al. (1984) has become outdated, we recognize that adaptive insects as well as new technologies and evolving scientific capacity can impact dynamic production systems and will soon render the current review out of date. As a benchmark of current approaches, capacity, and concepts, we highlight key changes in the pest complexes, management approaches, and ecological influences that continue to evolve insect management capabilities.
Evolving Technology, Resistance Management, and Dynamic Pest Problems
A number of major insect control technologies were developed over the last three decades that provide superior levels of insect pest control as compared to those available when Ridgway et al. (1984) assessed cotton insect management options. Cotton yields have consistently increased during this period, at least in part because of the plant protection provided by insect management options that include the use of new insecticides and transgenic plants. Production costs also have risen, but to a large extent, increased yield has offset increasing production costs.
A comparison of 1983 and 2013 cotton insect loss data for the United States is provided in both Table 1 and Fig. 1 as an example of the changing status and influence of insect and mite management on cotton production. On the basis of calculations from these data, insect control costs were about US$0.02 per kilogram of lint produced for the United States in 1983, a year before the previous review. They were $0.04 in 2013. Adjusting for the US inflation rate of about 134% over this 30-yr period, average insect control costs across this time period are about the same or currently slightly lower, but regional differences illustrate the influence of changing insect pest problems and management options on cotton Head (1984) and Williams (2014) unadjusted for inflation. The cumulative inflation rate during this 30-yr period was approximately +130%, making the United States (all states) insect control cost similar across this 30-yr period. ‡ No cotton production statistics were reported for Kansas in 1983 (Head, 1984 .
